Two new prenylated anthraquinones, laurenquinone A (1) and B (2) were isolated from the seeds of Vismia laurentii together with four known compounds; xanthone V 1 (3), physcion (4), 3-geranyloxyemodin anthrone (5) and friedelin (6). The structures of the new metabolites were determined with the help of spectroscopic data including extensive 2D-NMR spectroscopy. The known compounds were identified by comparison of their physical and spectroscopic data with those reported in the literature. Compounds 1, 4 and 5 exhibited moderate algicidal activity against Chlorella fusca and 3 showed moderate activity against the gram-positive bacterium Bacillus megaterium.
Vismia laurentii DE WILD. from the family Guttiferae is a large shrub or tree of the secondary forest growth of tropical regions. 1) Its stem bark and roots have been used in decoctions as tonic and febrifugal. Different parts of this plant are also used in tropical African medicine in the treatment of skin diseases such as dermatitis, leprosy, scabies, eczemas, and wounds.
2) Previous chemical investigations of the stem bark and roots of this plant have resulted in the isolation of several secondary metabolites including triterpenoids, xanthones, flavonoids and anthraquinones. 3, 4) As part of our ongoing effort to discover molecule natural products with novel structures and/or biological activities from Cameroonian medicinal plants, we have carried out the chemical investigation of the title plant and now report on the constituents of the seeds.
The seeds of V. laurentii were air-dried for several days and then ground. The powder (200 g, dry weight) was exhaustively extracted with CH 2 Cl 2 /MeOH (1/1; v/v) and the extract was separated by chromatography on silica gel, affording the new compounds laurenquinone A (1, 38.0 mg) and B (2, 20.0 mg) together with the known compounds xanthone V 1 (3), 5) physcion (4), 6) 3-geranyloxyemodin anthrone (5), 5) and friedelin (6). 7) Their structures were elucidated by 1D and 2D NMR spectroscopy and by comparison with spectroscopic data reported in the literature.
The HR-EI-MS of laurenquinone A (1) showed a molecular ion peak (M Thus, the prenyl group should be located at C-2. The methoxycarbonyl (CO 2 CH 3 ) group was finally located at C-7, since this was the remaining unoccupied position. Further analysis of the HMBC spectrum showed 4 J correlations from the aromatic proton signal at d H 7.54 (H-5) and the aromatic methyl signal at d 2.54 to the ester carbonyl group (d C 166.8). From the above evidence and by comparison of its spectral data with the published values for 2-isoprenylemodin 11, 12) and 1,3,8-trihydroxy-6-methylanthraquinone-7-carboxylic acid methyl ester, 13 ) the structure of compound 1 was established as 1,3,8-trihydroxy-2-(3,3-dimethylallyl)-6-methylanthraquinone-7-carboxylic acid methyl ester (laurenquinone A).
The molecular formula of laurenquinone B (2) , suggesting the presence of conjugated carbonyl and ester carbonyl groups. The UV absorption bands (258, 295 sh, 319, 342 nm) were typical for an anthraquinone chromophore.
1 H-NMR spectral data of 2 indicated that it was structurally related to laurenquinone A (1). Comparison of their NMR data showed that signals assignable to a prenyl group at C-2 of laurenquinone A were missing. However, the 1 H-NMR spectrum of 2 did show a spin system that could be assignable to a 2,2-dimethylpyrano group with signals at d H 6.76 and 5.75 (d, Jϭ10.1 Hz, olefinic protons), 1.50 (6H, s, CH 3 -13) . The presence of this group was confirmed in the 13 C-NMR spectrum with resonances at d C 115.1, 131.1, 78.6, and 28. 4 . Apart from signals due to prenyl and dimethylpyrano groups, both the 1 H-and 13 C- (Table 1 ) NMR spectral data of compound 2 were closely related to those of 1, with the chemical shifts of the protons and carbons of these two compounds being almost identical. The similarities of the two anthraquinones included the presence of the two hydrogen-bonded hydroxyl group, two aromatic protons, an aromatic methyl group, and a methyl ester group. In the HMBC experiment (Table 1) , the proton signal at d H 5.75 (olefinic proton) showed 3 J correlations with the carbon signals at d C 159.6, 160.3, and 78.6, indicating the attachment of the 2,2-dimethylpyrano group at C-2-C-3. The assignment of carbons and protons (Table 1) could be made through BB, DEPT, HMQC, HMBC spectra and by comparison of the published data for related compounds. [11] [12] [13] Thus, the structure of laurenquinone B (2) was established to be 1,8-dihydroxy-2-3-(2,2-dimethylpyrano)-6-methylanthraquinone-7-carboxylic acid methyl ester.
In addition to the above two new anthraquinones, four known compounds (3-6) were isolated. Their structures were established by comparison of NMR data with the corresponding literature or by comparison with the authentic standard compounds.
The isolated compounds were tested for their antibacterial and algicidal properties ( Table 2 ). Laurenquinone A (1), physcion (4), and 3-geranyloxyemodin anthrone (5) were active against the green alga Chlorella fusca and xanthone V 1 (3) was active against the gram-positive bacterium Bacillus 
a) Compounds 1-5 (50 ml at a concentration of 1 mg/ml acetone) were tested in an agar diffusion assay on filter discs (Schleicher and Schuell, 9 mm) for inhibitions of Bacillus megaterium (Bm) and Chlorella fusca (Chl). The radius of zone of inhibition was measured in mm starting at the outer boundary of the filter disc. (-): inactive. Controlϭacetone.
megaterium. Laurenquinone B (2) was inactive in these tests. Compounds 1-5 were also inactive against Microbotryum violaceum. In situ the antibacterial activity of the metabolite 3 may contribute to protecting the seeds from bacterial pathogens.
Experimental
General Experimental Procedures Melting points were determined on a Büchi SMP-20 melting point apparatus and are uncorrected. UV spectra were measured with a UV-210 PC, UV. VIS Scanning spectrophotometer (Analytikjena). IR spectra were recorded on a SHIMADZU FTIR-8400S spectrophotometer in KBr disks. EI-MS (ionization voltage 70 eV) and HR-EI-MS mass spectra were recorded on a Finnigan MAT double focusing spectrometer Model 8230.
1 H-and 13 C-NMR spectra were recorded in CDCl 3 /CD 3 OD using a Bruker-Avance-500 MHz NMR spectrometer and TMS as an internal standard. Column chromatography (CC) was carried out on silica gel 60 F 254 (Merck) and silica gel 100, respectively. Precoated plates of silica gel 60 GF 254 were used for analytical purposes and the spots were detected with an UV lamp at 254 and 366 nm and by spraying with 50% H 2 SO 4 or ceric sulphate followed by heating.
Plant Material The seeds of V. laurentii were collected at Mbalmayo, Center Province of Cameroon in July 2005. Authentication was achieved by Mr. Nana who compared with a voucher specimen (No 1882/SRFK) in the Cameroon National Herbarium, Yaounde.
Extraction and Isolation Air-dried and finely powdered seeds (200 g) of V. laurentii were macerated at room temperature for 72 h with a mixture of CH 2 Cl 2 /MeOH (1/1). Removal of the solvent under reduced pressure yielded 7.0 g of a crude extract which was subjected to column chromatography over silica gel (70-230 mesh). Elution was started with pure hexane followed by step gradients of hexane-EtOAc, and then EtOAc-MeOH. Ninety-five fractions of ca. 100 ml each were collected and combined on the basis of TLC analysis to afford six main fractions (F1-6). F1 (1. 3 g ) obtained with pure hexane and hexane/EtOAc (9/1) contained mostly fatty material and was not further investigated. Fraction F2 (0.6 g) eluted with hexane/EtOAc (9/1, 8/2), was also purified by column chromatography over silica gel using hexane-EtOAc (9/1) as eluant to afford compounds 4 (27.3 mg), 5 (25.0 mg) and 6 (16.0 mg). Fraction F3 (0.7 g) obtained with hexane-EtOAc (8/2), was subjected to repeated column chromatography over silica gel with a gradient of hexane-EtOAc to give compound 2 (20.0 mg). Fraction F5 (0.9 g) eluted with hexane-EtOAc (7/3, 6/4), was rechromatographed over silica gel using CH 2 Cl 2 /EtOAc with an increasing amount of EtOAc to obtain fractions which were regrouped on the basis of TLC analysis. Fractions eluted with CH 2 Cl 2 -EtOAc (5 : 95) were further purified through Sephadex LH-20 column using CH 2 Cl 2 /MeOH (1/1) to yield compound 1 (38.0 mg) and 3 (16.0 mg). Bioactivity: Agar Diffusion Assay The compounds to be tested were dissolved in acetone at a concentration of 1 mg/ml. Fifty microliter of the solution were pipetted onto a sterile filter disc (Schleicher and Schuell, 9 mm), which was placed onto an appropriate agar growth medium for the respective test organism and subsequently sprayed with a suspension of the test organism.
14) The test organisms were Bacillus megaterium, Microbotryum violaceum and Chlorella fusca. These microorgansims were chosen because a) they are non-pathogenic and b) had in the past proved to be accurate initial test organisms for antibacterial, antifungal and antialgal/herbicidal activities. Commencing at the outer edge of the filter disc, the radius of zone of inhibition was measured in mm.
